, S Floess 1, 6 , J Huehn 1, 6 and M Lochner 2, 6 Foxp3 (forkhead box P3 transcription factor)-expressing regulatory T cells (Tregs) are essential for immunological tolerance, best illustrated by uncontrolled effector T-cell responses and autoimmunity upon loss of Foxp3 expression. Tregs can adopt specific effector phenotypes upon activation, reflecting the diversity of functional demands in the different tissues of the body. Here, we report that Foxp3 þ CD4 þ T cells coexpressing retinoic acid-related orphan receptor-ct (RORct), the master transcription factor for T helper type 17 þ T cells. 1 Recent findings indicate that under homeostatic conditions, such peripherally induced Tregs (pTregs) are of functional importance mainly at feto-maternal interfaces and for maintaining tolerance to food-and microbiota-derived antigens at mucosal sites. [2] [3] [4] [5] [6] In addition to differences in ontogeny, there is growing evidence that Tregs having undergone antigen-specific stimulation may differ significantly from their naive recirculating counterparts in terms of activation status, migratory potential, and regulatory function. 7, 8 Together with the notion that Tregs having different origins or anatomical locations display distinct but specific gene expression profiles, 9 this has led to the discovery of different functional Treg subpopulations, termed ''effector'' Treg lineages. 10, 11 Interestingly, recent reports indicate that Foxp3 þ Tregs can coopt the expression of specific transcription factors that are associated with the differentiation and function of effector CD4 þ T-cell lineages. In the context of T helper type 1 (Th1)-mediated inflammation, Tregs can upregulate the Th1-specific transcription factor T-bet, leading to the expression of CXCR3 and the accumulation of Foxp3 þ T-bet þ Tregs at sites of inflammation. Importantly, T-bet expression was shown to be essential for the homeostasis and function of Tregs during type-1 inflammation. 12 Similarly, the Th2-associated transcription factor GATA3 was found to play an important role for Treg function, as it was shown that GATA3-deficient Tregs display profound defects in peripheral homeostasis and suppressive function. 13, 14 In addition, Treg-specific deletion of the transcription factors IRF4 (interferon regulatory factor 4) or STAT3 (signal transducer and activator of transcription 3) resulted in an impaired regulation of Th2-and Th17-dominated immune responses, respectively. 15, 16 Recently, a population of germinal center-resident Tregs, termed follicular regulatory T cells, was identified. 17, 18 These follicular regulatory T cells suppress germinal center B and T cells and depend, similar to their follicular T helper cell counterparts, on the expression of the transcription factor Bcl6 for their development. Together, these findings support the possibility that the expression of lineagespecific transcription factors may drive the generation of effector Tregs that are specifically suited to regulate immune responses mediated by their corresponding conventional effector CD4 þ T-cell lineages.
Recently, we and others have identified a CD4 þ T-cell population that simultaneously expresses the transcription factor retinoic acid-related orphan receptor-gt (RORgt), initially described as being essential for Th17 development, 19 and Foxp3. 20, 21 Naive CD4 þ T cells start to express RORgt and Foxp3 when stimulated in vitro under Th17-inducing conditions, 20, 21 and it was further suggested that from this intermediate Foxp3 þ RORgt þ stage, the cells differentiate into either the Treg or Th17 lineage, dependent on the balance of transforming growth factor-b vs. inflammatory cytokines such as interleukin (IL)-6, IL-21, and IL-23. 21 Nevertheless, we also demonstrated that in vivo, Foxp3 þ RORgt þ T cells exist that display the ability to express IL-10 and to suppress the proliferation of effector T cells. 20 In contrast to these findings, it has been shown that Foxp3 þ Tregs can start to express IL-17 in mice and humans, 22, 23 and it was speculated that such cells may contribute to inflammation-associated pathology. 
RESULTS

High proportion of Foxp3
þ RORct þ T cells in the colon of mice depends on a complex microbiota
We reported previously that 20-30% of Foxp3 þ T cells in the lamina propria (LP) of the gut express RORgt. 20 In order to better characterize this Foxp3 þ RORgt þ T-cell population, we first sought to analyze in detail the distribution of these cells in different peripheral and gut-associated organs. In mice containing a complex microflora, 24 the proportion of RORgt-expressing cells within the Foxp3 þ T-cell pool was B10% in lymphoid organs, such as the spleen or peripheral lymph nodes (pLNs). However, in contrast to mice that harbor only a minimal flora, 25 the frequency of Foxp3 þ RORgt þ T cells was clearly elevated in the gut-draining mesenteric lymph nodes (mLNs), Peyer's patches, and especially the intestinal colonic LP, where B80% of all Foxp3 þ T cells expressed RORgt (Figure 1a,b) . Thus, our data confirm that in the presence of a complex microbiota, a high proportion of Foxp3 þ T cells in the intestinal organs, and especially in the LP of the colon, simultaneously express RORgt. In order to allow for an unequivocal identification and isolation of the different Foxp3-and RORgt-expressing T-cell populations, we crossed BAC-transgenic Rorc(gt)-Gfp TG mice, expressing green fluorescent protein (GFP) under control of the Rorc locus, 20 with Foxp3-IRES-mRFP (FIR) mice, expressing a red fluorescent protein (RFP) under control of the endogenous Foxp3 locus. 26 The strong reporter signals in these Foxp3 RFP RORgt GFP double reporter mice enabled us to isolate Foxp3 and RORgt-expressing T-cell populations in high purity for subsequent analyses (Supplementary Figure S1 online (Figure 2b) . In order to better define the phenotypic characteristics of Foxp3 þ RORgt þ T cells, we performed a more specific candidate comparison between the T-cell subsets.
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Foxp3
þ RORgt þ T cells expressed high levels of Th17-assocoiated genes like Il23r, Il1r1, Maf, Irf4, and Ikzf3 (Aiolos) when compared with Foxp3 þ Tregs (Figure 2c) . However, the expression of Th17-associated effector cytokines like Il17a, Il17f, or Il21 was significantly lower when compared with RORgt þ T cells. Intriguingly, expression of Stat3 was not upregulated in any T-cell subset. When the expression of Treg-associated genes was inspected, we observed a comparably high expression of Ikzf4 (Eos), Ikzf2 (Helios), Nrp1, Il2ra (CD25), and Tnfrsf18 (GITR) in Foxp3 þ RORgt þ T cells and Foxp3 þ Tregs ( Figure 2d ). In addition, Foxp3 þ RORgt þ T cells displayed a uniquely high expression of genes that were recently associated with Treg populations resident in mucosal tissues, 9, 27 including Il10, Gzmb, Prdm1 (Blimp-1), Itgae (CD103), Ctla4, and Icos (Figure 2e ). This was in accordance with an activated CD44 int/high CD62L low phenotype, high CD25 surface expression, and increased ICOS levels as determined by fluorescence-activated cell sorting (FACS) analysis in mLNs and colon (Supplementary Figure S2) . Genes involved in the transforming growth factor-b pathway, like Tgfbr1 and Smad3, did not show any differential expression among the subsets analyzed. Similar to RORgt þ T cells, Foxp3 þ RORgt þ T cells expressed high levels of the chemokine receptors Ccr4, Ccr6, and Ccr9, whereas Ccr7 was expressed at high levels in all subsets ( Figure 2f and Supplementary Figure S3) . Interestingly, Foxp3 þ RORgt þ T cells also showed increased expression of Gpr15 and Ffar2, the two receptors with fundamental roles especially in colonic Treg homeostasis. 28, 29 To directly assess the tissue-homing capacity of Foxp3 þ RORgt þ T cells, we performed short-term homing assays using adoptive transfer of radiolabeled T cells into wild-type recipient mice. 30 Although Foxp3 þ RORgt þ T cells showed a slight tendency toward enhanced homing into mucosal tissues, overall the migration behavior was comparable to Foxp3 þ Tregs (Supplementary Figure S4) Figure S5) . However, we found no qualitative differences in the TCR-a repertoire of these four CD4 þ T-cell subsets, as numbers of shared clonotypes remained similar when comparing distinct subsets (Supplementary Figure S6a) . 
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) was calculated from 6,700 productive rearranged TRAV12 CDR3 amino acid sequences. Foxp3, forkhead box P3 transcription factor; RORgt, retinoic acid-related orphan receptor-gt.
Foxp3 expression in Tregs. [36] [37] [38] 
T-cell subsets were fluorescence-activated cell sorted (FACS) from spleen, lymph nodes (LNs), and colon of Foxp3 RFP RORgt GFP reporter mice. Analyzed cell subsets from different organs are depicted for (a) TSDR, (b) Tregspecific CpG hypomethylated pattern including Ctla4, Tnfrsf18, and Ikzf4, and (c) Ikzf2. The experiment was performed with two independent sorts. The methylation rates were translated into a color code from yellow (0%) via green (50%) up to blue (100%). Each rectangle represents the methylation of one CpG motif. cLP, colonic lamina propria; Foxp3, forkhead box P3 transcription factor; MFI, mean fluorescence intensity; mLN, mesenteric lymph node; pLN, peripheral lymph node; RORgt, retinoic acid-related orphan receptor-gt. 
expression of Foxp3 alone is not sufficient for conferring and maintaining Treg function and phenotype. 39 In addition, a number of Treg-specific epigenetic signature genes (e.g., Ctla4, Tnfrsf18 (GITR) and Ikzf4 (Eos)) need to be fully demethylated to enable Foxp3 þ T cells to acquire Treg-specific gene expression, lineage stability, and full suppressive activity. 40 
Interestingly, Foxp3
þ RORgt þ T cells also showed substantial demethylation at Ctla4, Tnfrsf18, and Ikzf4, although the degree of demethylation at Tnfrsf18 and Ikzf4 was somewhat lower as compared with Foxp3 þ Tregs ( Figure 3b ). As expected, these loci remained largely methylated in RORgt þ T cells, except for Ctla4 that was substantially demethylated in these cells. We also investigated the methylation status of Ikzf2 (Helios), known as a marker solely expressed by thymus-derived Tregs, 41 and observed an almost complete demethylation in Foxp3 þ Tregs, whereas Foxp3
þ RORgt þ T cells displayed a significant degree of methylation (74%) at this site (Figure 3c ). To further elucidate this point, we directly determined expression of Helios in cells isolated from different lymphoid organs and the colonic LP. In line with the methylation data, Foxp3
þ RORgt þ T cells always showed a reduced Helios expression when compared with Foxp3 þ Tregs, with the exception of peripheral LN, where a similar expression was observed (Figure 3d) . Together, these data reveal substantial organ-specific differences in Helios expression in Foxp3 þ RORgt þ T cells and Foxp3
þ Tregs that might be under epigenetic control. As our transcriptomic analysis revealed expression of several Th17-associated genes in Foxp3 þ RORgt þ T cells (Figure 2 ), we also analyzed the methylation status of Th17-specific epigenetic signature genes, including Il17a, Zfp362, Ccr6, Acsbg1, Rora, Dpp4, and Dclk1.
42 Foxp3 þ RORgt þ T cells showed a more pronounced demethylation at Il17a, Zfp362, Dpp4, and Dclk1 when compared with Foxp3 þ Tregs (Figure 4a ), indicating that Foxp3 þ RORgt þ T cells also bare specific similarities to Th17 cells in their epigenetic makeup. Importantly, the epigenetic profile of not only Th17-specific but also Treg-specific epigenetic signature genes analyzed here was directly correlated with the respective gene expression levels determined in the transcriptome analyses (Figures 3e  and 4b) (Figure 5a,b) .
þ RORgt þ T cells, an average of 70-80% of cells still maintained Foxp3 expression in all organs analyzed (Figure 6a,b) . Similarly, RORgt expression was maintained in the majority of transferred RORgt þ Foxp3 þ and RORgt þ T cells, and no difference in the stability of RORgt expression could be observed between the two subsets (Figure 6a,c) . Rather, differences in RORgt expression were correlated to location, with high stability in the colon (80-90%) as compared with organs like the spleen or peripheral LNs (60-70%) (Figure 6a,c) Figure S7) , indicating that Foxp3 þ RORgt þ T cells do not preferentially develop into inflammatory Th17 cells. In accordance with the in vitro data, a significant proportion of adoptively transferred Foxp3 þ Tregs upregulated RORgt expression, particularly those reisolated from the colon (Figure 6a,d) , although we cannot rule out that the lymphopenic conditions in this transfer model contributed to the strong induction of RORgt in these cells. Nevertheless, we observed only minor upregulation of Foxp3 expression in adoptively transferred RORgt þ T cells (Figure 6a, Transfer of naive CD4 þ T cells into lymphopenic mice induces a T cell-mediated autoimmune inflammation of the gut that can be prevented by cotransfer of Foxp3 þ Tregs. 43 Thus, the adoptive transfer approach described in Figure 6 enabled us to ARTICLES MucosalImmunology | VOLUME 9 NUMBER 2 | MARCH 2016 investigate the relative potency of Foxp3 þ RORgt þ T cells in regulating the inflammatory response induced by transfer of naive CD45RB high CD4 þ T cells into RAG2-deficient mice. To monitor the suppressive capacities of the different Treg populations, we chose a suboptimal 1:4 ratio between Foxp3 þ and naive T cells. This ratio does not prevent colitis, but induces a certain degree of inflammation suitable to detect differences in the suppressive capacity of Treg subsets. 44 When transferred alone, naive T cells induced severe signs of colitis and weight loss in RAG2-deficient mice, starting from week 3 after transfer (Figure 7a) . Cotransfer of Foxp3 þ Tregs (Treg/T naive ratio of 1:4) led to a reduction in signs of colitis and weight loss; however, these mice still displayed a colitis phenotype as compared with phosphate-buffered saline-treated control mice. Intriguingly, mice that were cotransferred in the same 1:4 ratio with Foxp3 þ RORgt þ T cells were completely protected from colitis induction (Figure 7a ). In accordance with these results, we observed pronounced inflammatory cellular infiltration in the mucosa and submucosa, as well as significant epithelial destruction, in the group of mice that were transferred with naive CD4 þ T cells only (Figure 7b ). Whereas mice that were cotransferred with Foxp3 þ Tregs showed reduced but nonetheless substantial colonic pathology, cotransfer of Foxp3 þ RORgt þ T cells almost completely prevented colonic tissue damage (Figure 7b,c) , together demonstrating a superior suppressive capacity of GFP reporter mice. (a) Analyzed cell subsets from different organs are depicted for Th17-associated epigenetic regions in genes including IL17a, Dpp4, Zfp362, Ccr6, Acsbg1, Rora, and Dclk1. The experiment was performed with two independent sorts. The methylation rates were translated into a color code from yellow (0%) via green (50%) up to blue (100%). Each rectangle represents the methylation of one CpG motif. cLP, colonic lamina propria; Foxp3, forkhead box P3 transcription factor; RORgt, retinoic acid-related orphan receptor-gt. (b) Correlation of DNA demethylation (left y axis) and gene expression assessed by microarray analysis (right y axis) of indicated Th17 epigenetic signature genes. The graph shows a pool of five to six methylation analyses and three gene-expression profiles pooled from spleen and LN for each subset. Data are shown as mean
analysis, confirming that RORgt þ expression also correlates with the ability to express this cytokine in Foxp3 þ cells (Supplementary Figure S8a) . Nevertheless, the total number of IL-17 þ Foxp3 þ RORgt þ remained low in all organs, including the colonic LP (Supplementary Figure S8b) .
Moreover, we did not observe major differences in the expansion capacity of CD90. Figures  S9 and S10) . Importantly, the superior suppressive capacity of Foxp3 þ RORgt þ T cells was also not caused by an enhanced general inhibitory effect on the expansion of transferred naive CD90.1 þ T cells, as illustrated by similar effector T-cell/Treg ratios and comparable amounts of total CD90.1 þ T cells recovered from the lymphoid organs of the different groups ( Supplementary Figures S9 and S10) .
However, cotransfer of Foxp3 þ RORgt þ T cells led to a strong reduction in total cellular infiltration into the colon (Figure 7e) , decreased total numbers of CD90.1 þ T cells, and a reduction in the total amount of IL-17-and interferon-gproducing effector T cells in this organ ( Supplementary  Figures S10 and S11) , suggesting that Foxp3 þ RORgt þ T cells exhibit a specific suppressive effect on inflammatory cell expansion/recruitment in the gut. Viewed as a whole, our data revealed a significantly enhanced suppressive capacity of Foxp3 þ RORgt þ T cells as compared with Foxp3 þ Tregs under these proinflammatory conditions in the gut, suggesting that RORgt expression in Tregs contributes to an optimal regulatory function during gut-specific immune responses.
DISCUSSION
Foxp3
þ RORgt þ T cells were identified in both mice and humans. Initially, we reported that in mice, Foxp3
þ RORgt þ T cells secrete the anti-inflammatory cytokine IL-10 in vivo and are capable of suppressing activated CD4 þ T cells in vitro.
20
Although these findings pointed towards a regulatory function of these cells, subsequent studies demonstrated that Foxp3 þ T cells can start to produce the proinflammatory cytokine IL-17, hence suggesting that these cells might contribute to inflammatory conditions. In humans, IL-17-producing Foxp3 þ T cells were identified in peripheral blood as well as in the microenvironments of chronic inflammation and cancer. 23, [45] [46] [47] Although most of these studies indicated that human Foxp3
þ cells retain regulatory capacity as long as they express Foxp3, it was suggested that they can foster the expression of proinflammatory cytokines and thus behave as ''inflammatory'' Tregs. 23 
T cells and Foxp3
þ T cells at day 4 of culture. Pooled data from three independent experiments are shown as mean ± s.d. Foxp3, forkhead box P3 transcription factor; RORgt, retinoic acid-related orphan receptor-gt. *Po0.05, **Po0.01, ****Po0.0001, NS, not significant.
RORgt
þ CD4 þ T cells. 20 In addition, recent work confirmed that Tregs isolated from intestinal LP express high levels of RORgt þ , whereas fat tissue-resident Tregs as well as other peripheral Treg populations displayed only low levels of RORgt expression. 9 This demonstrates that although low frequencies of Foxp3 þ RORgt þ T cells can be observed under normal physiologic conditions in different peripheral lymphoid and nonlymphoid tissues, a majority of these cells are clearly located within intestinal tissues.
Our transcriptome studies showed a 99% overlap in gene expression between Foxp3 þ RORgt þ T cells, Foxp3 þ Tregs, and RORgt þ T cells, illustrating a high similarity between these CD4 þ T-cell subsets. However, moving the focus onto differentially expressed genes revealed a closer relationship between Foxp3 þ RORgt þ T cells and Foxp3 þ Tregs. However, a higher overlap between these two subsets did not result in a complete inhibition of RORgt þ T cell-associated gene expression. Interestingly, some Th17 lineage-defining genes were highly expressed in Foxp3 þ RORgt þ T cells (e.g., Rorc or Il23r), whereas the expression of characteristic cytokines (Il17a, Il17f, or Il21) was low compared with Th17 cells, indicating that these cells are functionally different. The low IL-17 expression in Foxp3 þ RORgt þ T cells might be explained by the only incomplete demethylation of the Il17a locus (when compared with RORgt þ T cells) that has been previously shown to play an important role for IL-17 expression and Th17 lineage specificity. 53 Nonetheless, the expression pattern of specific chemokine receptors was very similar between Foxp3 þ RORgt þ and RORgt þ T cells, indicating that these cell types share a similar migration pattern. However, the short-term in vivo homing assay indicated that Foxp3 þ RORgt þ T cells show a migratory pattern being more similar to Foxp3 þ Tregs than to RORgt þ T cells. Despite this, it is still possible that the tendencies toward an enhanced homing into gut and other mucosa-associated tissues would only become significant at time points later than 24 h after cell transfer or under inflammatory conditions. Intriguingly, Foxp3 þ RORgt þ T cells showed high expression of Irf4, Prdm1, and Il10. In a recent report, Cretney et al. 27 demonstrated that Blimp-1 (encoded by Prdm1) expression was restricted to a population of effector Tregs. Furthermore, they could show that Blimp-1 and IRF4 acted together to induce IL-10 expression. Similar to Foxp3 þ RORgt þ T cells, these Blimp-1 þ effector Tregs also expressed high levels of CD103, ICOS, and GITR. In addition, Foxp3 þ RORgt þ T cells, even when isolated from nonintestinal lymphoid tissues, expressed high levels of genes that were recently described to be overrepresented in small intestine LP Tregs, e.g., Gzmb and Ccr9. 9 Thus, Foxp3 þ RORgt þ T cells express a set of effector Treg-specific ''core-genes'' plus a panel of genes that can confer gut specificity, together clearly indicating that these cells represent a highly suppressive gut-specific effector Treg lineage. Whether RORgt expression itself is of importance for the establishment of this unique phenotype remains to be studied. Figure 6 Foxp3 
METHODS
Mice. C57BL/6 mice aged 14-16 weeks, female RAG2-deficient mice aged 3-8 weeks, and female CD90.1 C57BL/6 mice aged 4-8 weeks were bred in-house (Helmholtz Centre for Infection Research, Braunschweig, Germany; TWINCORE, Hanover, Germany) or purchased (C57BL/6) from Charles River (Sulzfeld, Germany).
RORc(gt)-Gfp
TG mice 20 were crossed to Foxp3-IRES-mRFP (FIR) mice 26 to obtain Foxp3 RFP RORgt GFP double reporter mice. The mice were bred and maintained under specific pathogen-free conditions at our animal facilities (Helmholtz Center for Infection Research). The mice used for this study were rederived to possess a complex microbiota inclusive of, among others, segmented filamentous bacteria. 24 Where indicated, mice with a minimal microflora with close similarity to the altered Schaedler flora were used. 25 All animal experiments were performed in compliance with the German animal protection law (TierSchG BGBl. I S. 1105; 25.05.1998). All mice were housed and handled in accordance with good animal practice as CD4 APC (RM4-5); CD4 PE-Cy7 (RM4-5); CD8 APC (53-6.7); CD25 BV605 (PC61); CD194 (CCR4) APC (2G12 BL); ICOS PerCPCy5.5 (C398.4A); Ki-67 APC (16A8). The following antibodies were purchased from BD Biosciences (Heidelberg, Germany): CD19 APC (1D3) and CD196 (CCR6) Alexa647 (140706 BD). To discriminate live and dead cells, the following live/dead staining reagents were used: 4 0 ,6-diamidino-2-phenylindole (DAPI; Sigma-Aldrich, Schnelldorf, Germany); LIVE/DEAD fixable Aqua dead stain kit (Life Technologies, Darmstadt, Germany), and LIVE/DEAD fixable Blue dead stain kit (Life Technologies). The Foxp3/Transcription Factor Staining Buffer Set (Affymetrix) was used for fixation and intracellular staining.
Cell isolation from organs. Single-cell suspensions were prepared from spleen, pLN, mLN, or Peyer's patches by smashing organs through a 100 mm mesh. Lysis of erythrocytes was performed for spleens. Colon and small intestine were physically emptied, opened longitudinally, and cut into 2-3 cm pieces. Tissue pieces were incubated in PBS containing 30 mM EDTA (Sigma-Aldrich) for 30 min, washed vigorously with PBS to remove remaining mucus, cut into 1-2 mm pieces, and digested in prewarmed Iscove's modified Dulbecco's medium (Life Technologies/Gibco, Darmstadt, Germany) containing 1 mg ml À 1 Collagenase D (Roche, Diagnostics, Mannheim, Germany) and 100 mg ml À 1 DNaseI (Roche). The supernatant was filtered and the remaining tissue was smashed through a 100 mm mesh. LP cells were separated using a 40%/80% gradient (Percoll solution, GE Healthcare, Freiburg, Germany; or Easycoll, Merck Millipore/ Biochrom, Berlin, Germany; 900 g, 20 min, 20 1C, no break). The interphase was harvested and washed. Cells were resuspended in PBS containing 0.2% bovine serum albumin or medium containing fetal calf serum before extra/intracellular staining.
Flow cytometry. Cell suspensions were incubated with PBS containing 0.2% bovine serum albumin and 1% anti-mouse CD16/CD32 antibody (BioXcell, West Lebanon, NH) for 5 min on ice. Live/dead staining was performed in PBS using the LIVE/DEAD fixable Aqua or Blue dead staining kit according to the manufacturer's recommendations, or DAPI prior measurement. Surface staining was performed for 15 min on ice in PBS containing 0.2% bovine serum albumin. Intracellular staining was performed using Foxp3/Transcription Factor Staining Buffer Set according to the manufacturer's recommendations. To block unspecific antibody bindings, 40 mg ml À 1 rat IgG (Dianova, Hamburg, Germany) was used. Cells were washed, resuspended in PBS containing 0.2% bovine serum albumin, and measured using BD LSRII SORP (BD Biosciences). Cell sorting was performed on FACSAria II (BD Biosciences) in the cell sorting facility of Helmholtz Centre for Infection Research. Data were analyzed using the FlowJo software (Tree Star, Ashland, OR). Bisulfite pyrosequencing. Genomic DNA was isolated from ex vivoisolated Foxp3 þ / À RORgt þ / À subsets of different organs using NucleoSpin Tissue/Tissue XS kit (Macherey-Nagel, Düren, Germany) and bisulfite converted using the EZ DNA Methylation Kit (Zymo Research, Freiburg, Germany) according to the manufacturer's instructions. Differentially methylated regions were amplified by PCR containing 10 ng of bisulfite-converted genomic DNA, HotStar Taq PCR buffer (Qiagen, Hilden, Germany), 1 U HotStar Taq DNA polymerase, 2.5 mM MgCl 2 , and 0.38 mM forward and reverse primers in a final volume of 50 ml reaction (cycle: 95 1C for 15 min; 50 Â 95 1C for 30 s, 57-62 1C for 1 min, 72 1C for 1 min; 72 1C for 7 min). The PCR product was analyzed by gel electrophoresis. Then, 20-40 ml of the PCR product, Pyromark Gold Q96 reagents (Qiagen), Pyromark buffers (Qiagen), Streptavidin Sepharose (GE Healthcare), and sequencing primers were used for pyrosequencing on a PSQ96MA (Qiagen) according to the manufacturer's protocol. The information of primers is listed in Supplementary Table S1 . Male mice were used for DNA methylation analysis to avoid artificial recalculation because of X-chromosome inactivation in female mice.
Sorting of ex vivo-isolated
CD4 þ Foxp3 þ / À RORgt þ / À subsets.
